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INTRODUCTION
Phytate is known as myo-inositol hexakisphosphate. Phytate can be found in cereals, maize, nuts and legume (Lönnerdal, 2002) . It accounts up to 80% of total phosphorus in plant seeds and used commercially in animal feeds. The main function of phytate is to act as an inhibitor or also known as an anti-nutritional factor, where it inhibits the absorption of vitamins and minerals in the gastrointestinal tract of monogastricanimals (Lopez et al., 2002; Lazarte et al., 2015) . One of the reasons that phytate is difficult to be digested by monogastric animals is due to lack of phytase activity in their digestive system. Besides, quality of animal feed reduced since phytate forms complexes with minerals and also other divalent cations such as calcium, magnesium and zinc (Mittal et al., 2012a). The undigested phytate phosphorus excreted by monogastric animals were used as fertilizers for plants which later consequently contributes to the phosphorus pollution and causes problems in the area of intensive livestock production (Haehner et al., 2005 and Bohn et al.,2008a) . Regarding the environmental issues, it was then proposed that the addition of inorganic phosphate in animal feed will help to overcome the problems. Since the addition of inorganic phosphate increases the cost of diets, an alternative method was carried out by using microbial phytase. Lactic acid bacteria was chose in this study as they have probiotic properties and potential to degrade phytate such as in fermented food processes including dairy and non-dairy products (De Angelis et al., 2003a). It can be found in water, sewage, soil and manure (Holzapfel et al., 2001) . Lactic acid bacteria (LAB) can be classified as homofermentatives where hexoses are catalysed to lactose or heterofermentatives where LAB degrades hexases to lactate and additional products. LAB is classified based on its 16S rRNA gene sequencing which has a G + C content below 50 mol % ( Savadogo et al.,2006) . LAB are safe to be used due to its long history in food fermentation and are also known as Generally Recognized as Safe (GRAS) microorganism that capable to produce phytase enzyme (Ammor et al., 2007) . LAB are defined as microbial food supplements by Food and Agriculture Organization of the Oriental Nations and WHO (Araya et al., 2002) due to its beneficial property to the health of host. In industrial application, LAB plays the major rule for production of fermented foods, to manufacture probiotic products, metabolites for the purpose of texture and flavor development and also health applications (Papagianni, 2012).Phytase can be found in fungi, yeast, bacteria, animals and plants ( Greiner et al., 2007) .As reported by (Zhang et al.,2013)phytase can also be found in mushrooms. The use of phytase in human nutrition creates a good potential in manufacturing and processing food. In addition, the use of phytase enzyme to solve the eutrophication problem was said to reduce up to 50% by supplementing phytase in animal diets. It is also reported that phytase increases the bioavailability in digestive system of monogastric animals (Roy et al., 2009). Production of phytase from various microorganisms can be induced by the presence of phytate (Marlida et al., 2010) or by agro-waste product such as orange peel and wheat bran (Mittal et al., 2012b). A study conducted by (Raghavendra and Halami, 2009a), reported that Pediococcuspentosaceus strains (CFR R38 and CFR R35) were able to degrade sodium phytate as its main phosphate source and showed phytase activity at 50°C. A part from that, good formulation of medium and culture conditions will also enhance the production of phytase enzyme during fermentation. Response surface methodology (RSM) which was introduced by (Box and Wilson, 1951) is a statistical and mathematical technique used in experiments to increase the productivity by optimizing the independent variables used. Continuous cultivation is a technique where it has been used in industries for processes such as ethanol production, single cell protein production, and vinegar production. It has not been used in laboratory scale unless for the study of physiology and growth of microorganisms. Application of continuous cultivation with the microbial population was developed by (Monod, 1950; Novickand Szilard, 1950) . Throughout the cultivation, the working volume is maintained at a constant level and the steady state of the microorganisms can be achieved (CatarinaGuedes et al., 2013). Other parameters such as temperature, pH and dissolved oxygen can also be controlled by the researcher itself according to the conditions applied. Experiments can be designed and growth factors can be optimized to achieve the maximum yield of desired products (Myers et al., 2009a) . The aim of the present study was to improve the production of phytase enzyme by optimizing medium formulation and culture conditions through the conventional method, statistical technique of RSM and continuous cultivation.
Phytase producer was selected from five different lactic acid bacteria isolates obtained from the animal faeces sources from laboratory culture collection. From the five isolates, C4/1A showed the highest phytase activity (21.25 U/mL) as compared to others and was identified as PediococcuspentosaceusC4/1A by 16S rRNA gene sequencing. Optimization of medium formulation and culture conditions was conducted by a conventional method (one-factor-at-one-time) using response surface methodology(RSM). Effects of four parameters were studied on the bacterial growth, reducing sugar and phytase productions. The phytase biosynthesis increased from 21.2 U/mL to 42.3 U/mL using the optimized medium formulation and culture conditions. The RSM suggested that yeast extract, glucose, sodium phytate and inoculum size significantly improved by 99.2% production of phytase. Continuous cultivation was carried out at dilution rate ranging from 0.1 h -1 to 0.4 h -1 and the steady-state of P. pentosaceusC4/1A was achieved after five generations and three residence times. The cultivation was carried out for 48 h and the highest productivity of phytase and cell concentration was obtained at dilution rate 0.3 h -1 which resulted in 8.65 U/mL/h and 0.894 g/L/h, respectively. Throughout the cultivation process, production of phytase was improved by 89.3% from shake-flask experiment to 2L bioreactor.
MATERIAL AND METHODS

Collection of Lactic Acid Bacteria
The samples used in this study were isolates of lactic acid bacteria (LAB) which was taken from the Laboratory culture collection, Bioprocess Technology Laboratory at the Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia (Tan, 2016a). Isolates were further identified by molecular techniques by partial sequencing of 16S rRNA.
Inoculum Preparation
The inocula from glycerol stock was thawed and streaked on DifcoMRS agar plate. The plate was incubated at 37°C for 24 h. A single colony was picked and transferred into a test tube containing 10 mL of DifcoMRS broth medium. Theinoculated broth was incubated at 37°C overnight. Then the strain inoculum of 10% (v/v) was prepared in 250 mL Erlenmeyer flask containing 100 mL of MRS broth. The inoculum culture was incubated at 37°C for 16 h without agitation in an incubator (Protech Shaker Incubator Model SI-100D). As the sample has reached OD reading of 0.6, the inoculums was used for cultivation.
Production Medium
The isolates were cultivated in modified MRS medium whereby inorganic phosphate (K2HPO4)was replaced with 0.65 g/L of sodium phytate as phosphate source and 0.1M 3-[N-Morpholino] propanesulfonic acid (MOPS).The amount of glucose, yeast extract and meat extract were reduced to 10, 2 and 4 g/L, respectively. The flasks were incubated in an incubator shaker at 150 rpm at 37°C for 24 h (Raghavendra and Halami, 2009b).
Screening for the Best Phytase Producing Bacteria
Isolated bacteria from animal feces were screened for phytase production on modified MRS agar. The qualitative screening was carried out by observing the clear halo zone and colony diameters were measured after 24 h of incubation at 37°C(Raghavendra and Halami, 2009c), which shows the minimum clear zone of 1.7cm and the maximum clear zone of 4.0cm.
Quantitative Assay of Phytase Production
Phytase activity was quantified by adding 150 µl of cell suspension to 600 µl 0.2% (w/v) sodium phytate prepared in 0.1M sodium acetate buffer (pH5.0). The reaction mixture was incubated for 20 minutes at 37°C. Stop reagent, 5% (w/v) trichloroacetic acid (TCA), was added right after the incubation. The liberated phosphate ions were quantified by mixing 4 volumes of 1.5% (w/v) ammonium molybdate solution in 5.5% (v/v) sulfuric acid to 1 volume 2.7% (w/v) ferrous sulfate solution. Absorbance was measured at a wavelength of 700 nm after incubation for 5 minutes of the color development period. One enzyme unit (U) was defined as the amount of enzyme liberating 1µmol of inorganic phosphate in 1 minute under the assay conditions (Yanke et al., 1998).
Conventional Method
Production medium was prepared in 250 mL Erlenmeyer flasks and inoculated with 10% (v/v) inoculum. The selected strain was optimized on medium formulation and culture conditions for phytase production at 37°C for 24 h in incubator shaker. A volume of 5 mL of samples was withdrawn at time intervals for analysis of phytase activity, cell concentration and reducing sugar.
One-factor-at-a-time
Different parameters and concentrations of medium formulation and culture condition via one-factor-at-a-time experiments (Vohra and Satyanarayana, 2001) are shown in Table 1 . All the experiments were carried out in triplicates and the results were reported as the mean of the replicates.
Table 1Parameters and variables used in one-factor-at-a-time approach
Parameter
Variables/Concentration 
Experimental Design and Data Analysis
The experimental design was conducted according to variables from one-factorat-a-time. Between the three carbon sources (glucose, lactose and maltose) and three nitrogen sources (yeast extract, meat extract and peptone from casein) tested, glucose and yeast extract was chosen as the independent variable including sodium phytate and inoculum size. An optimization study was conducted by Response Surface Methodology using Central Composite Design (CCD). The response of interest was phytase activity (Y). The experiment was conducted at three different levels (+1, 0, -1) as shown in Table 2 and a total of 30 runs were conducted. The experimental values and predicted values of phytase production are shown in Table 3 . A second order polynomial was conducted for all the four variables using multiple regression analysis. The model equation is as shown below:
Y= β0 + β1A + β2B + β11A 2 + β22B 2 + β33C 2 + β44D 2 + β12AB + β13AC (1) + β14AD + β 23 BC + β24BD + β34CD
Where Y, predicted response; β0 intercept; β1, β2 linear coefficients; β11, β22, β33, β44 squared coefficients; β12, β13, β14, β23, β24, β34 interaction coefficients. Statistical software package Design Expert 6.0 was used to analyze the experimental design based on response surface methodology. The optimum value of independent variables was determined coefficient, correlation coefficient and statistical testing of the model. Besides that, the significant value of the model, determination of regression value and analysis of variance (ANOVA) was also identified (Myers et al., 2009b) . Table 2Three levels of factor used for independent variables in CCD Table 3 Experimental design used for the optimization studies on phytaseproduction 
Batch Cultivation in 2L Stirred Tank Bioreactor
The experiments on batch cultivation were carried using 2L stirred tank bioreactor (Biostat, B. Braun, Melsungen, Germany). The bioreactor comprised of borosilicate glass culture vessel with outer thermostat jacket. It consists of software and hardware control systems which are dissolved oxygen, pH and temperature probe. In addition, there are also acid, base and antifoam ports, sampling port and inoculation port. The agitation was provided with the usage of two six-bladed turbine impellers and other variables. During the cultivation, agitation speed was set at a constant rate of 150 rpm under aseptic condition. The working volume of 600 mL was prepared in the bioreactor and inoculated with 10% (v/v) of inoculum. The cultivation process was carried out with an initial pH
Variables
Factors Actual value of coded factors
10 15 20 of 6.2. Throughout the cultivation period, pH was not controlled and the temperature was set at 37°C within the vessel.
Continuous Cultivation in 2L Stirred Tank Bioreactor
Continuous cultivation was carried out using different range of dilution rate (D) which starts from 0.1, 0.2, 0.3 and 0.4 h -1
. Inoculum was prepared in 250 mL Erlenmeyer flask containing 100 mL of medium and inoculum size of 10% (v/v) was inoculated into 600 mL of working volume in the bioreactor. The continuous cultivation took place for 48 h and the productivity of enzyme and cell concentration was observed throughout the fermentation. In this system, a growth of microorganisms is determined by dilution rate and limiting substrate concentration. The relationship between the rates of medium flow into the reactor-related to its culture volume is well explained by the dilution rate (D) as expressed in units per hour (h -1 ). D = F / V where F is the flow rate (Lh -1 ) and V is the culture volume expressed in L. A steady-state of the microorganisms in the continuous cultivation is usually achieved after three or five generation time. The change in substrate concentration (S) over time (t) and the change in biomass (X) over time are equal to zero, which means there is no net accumulation of substrate or cell biomass. dS/dt = 0 or dX/dt = 0 The specific growth rate (µ) of the culture in steady state is related to the dilution rate (D). This can be said that, as the dilution rate is higher than the maximum specific growth rate (µmax), the cells in the vessel will be washed out. The biomass equation can be used for the continuous cultivation: dX/dt = µX -DX When the cells in the vessels are washed out, there will be less number of cells in the bioreactor and becomes zero over time (McNeil and Harvey, 2008).
Analytical Method
Every 2 h of the time interval, the samples were collected and centrifuged at 2700xg for 15 min. The supernatant collected was kept in a clean test tube to be used for determination of substrate concentration by DNS reagent (Miller et al.,  1960) , whereas cell concentration was expressed as dry cell weight per culture volume was obtained by filtration and oven drying method and total protein content was measured by (Lowry et al.,1951) . In addition, cell pellet obtained was used to determine the phytase activity (Raghavendra and Halami, 2009d).
RESULTS AND DISCUSSION
Screening, Isolation, and Identification of Phytase Producer
From the study, a total of 41 isolates were obtained from the isolation process. Five isolates were identified as lactic acid bacteria in Figure 1 which shows the clear halo zone obtained around the colony during qualitative screening. This is due to the hydrolysis of phytate by lactic acid bacteria, which was a similar experiment done by (De Angelis et al., 2003b) . The plates were then stained with cobalt chloride solution, which helps to determine the false positive results. Sodium phytate plays the role as phosphate source in modified MRS agar which induces the production of phytase. All the tested isolates showed positive results of phytate-degrading ability, however, only one isolate labeled as D (C4/1A) showed the largest zone of hydrolysis, compared to other isolates. This could be due to the presence of phytate specific enzyme known as phytase. When phytase is produced, phytic phosphorus is cleaved and a free hydroxyl group is produced. Cobalt chloride binds to a free hydroxyl group and phytin remains unchanged (Baeet al., 1999) . Hence, the addition of ammonium molybdate and ammonium metavanadate binds to cobalt chloride and produces a clearance zone (Anastasioet al., 2010). The quantitative screening method was conducted with all the five isolates at 37°C by using chemical assay method. From the experiment, C4/1A isolate showed the highest phytase activity of 21.25 U/mL at 12 h of incubation time compared to other isolates as shown in Figure 2 . Production of inorganic phosphate in isolates C4/B, C3/1A/4D, C5/D and B4/E resulted in 18.34 U/mL, 14.21 U/mL, 14.93 U/mL, and 12.49 U/mL of phytase activity at 14, 12, 16, and 18 h, respectively. The isolate was identified as PediococcuspentosaceusC4/1A by 16S rRNAsequencingas shown in Figure 3 . The enzyme activity obtained was described in enzyme unit (U) and the determination of phytase activity was done using spectrophotometer at 700 nm to investigate the liberated amount of inorganic phosphate. From the experiment, different isolates have their own ability to degrade phytate. P. pentosaceusC4/1A degrades phytate and has the capability to reduce the phosphorus excretion by poultry to the environment. Therefore, this strain could be applied for the diet of monogastric animals (Casey and Walsh, 2004).
Figure 2Phytase
activity of the bacterial isolates using sodium phytate as phosphate source 
Effect of Carbon Source on Phytase Biosynthesis
A preliminary study was done on various carbon sources to determine the better biosynthesis of phytase. Glucose, lactose and maltose were chosen in this conventional study. P. pentosaceusC4/1A was able to grow well on three carbon sources and also was able to produce phytase. Among the tested carbon sources, production of phytase was the highest in glucose (34.17 U/mL) at 16 th h of cultivation compared to lactose and maltose. The highest productivity of phytase was achieved during the fermentation process with glucose (2.14 U/mL/h) compared to lactose (1.04 U/mL/h) and maltose (1.99 U/mL/h). In the cultivation, carbon source does not only support in the cell growth but also in the production of the enzyme where it will be metabolized completely to produce the product (Ravinder et al., 2012) .
Effect of Nitrogen Source on Phytase Biosynthesis
Among the tested nitrogen sources (yeast extract, meat extract, peptone from casein), the maximum cell concentration of 5.88 g/L was achieved in yeast extract cultivation. Moreover, the highest phytase biosynthesis was also obtained at 10 th h of fermentation when yeast extract was used (36.22 U/mL) compared to the production in meat extract (31.65 U/mL) and peptone from casein (14.42 U/mL) at 16 th h of fermentation. Yeast extract contained a nitrogenous compound which plays a major role as the growth factor whereby it enhances the cell growth of microorganisms (Alshiyabet al., 2008) .
Optimization of Glucose Concentration
Optimization of different concentration of glucose was tested. From the result obtained (Table 4) , the maximum cell concentration of 6.45 g/L was achieved. Whereas phytase production of 37.27 U/mL was achieved at 10 th h of cultivation process compared to other concentrations used. Glucose is also known as metabolizable sugar compared to lactose and maltose (Sasirekha et al., 2012) . It plays the major role as a nutritional factor which stimulates the biosynthesis of phytase and cell biomass (Vohra and Satyanarayana, 2003). From this study, the optimal concentration of glucose that can be applied was 15 g/L to obtain the highest production of enzyme. As the concentration of glucose increases or decreases from the optimal concentration, the phytase production achieved was low. This is due to the formation of carbon flux in the cell which focuses on the cell growth rather than the enzyme production (Kalil et al., 2008). 
Optimization of Yeast Extract
Effect of different concentration of yeast extract was tested in this study. Highest phytase production was achieved at concentration of 20 g/L which was 41.04 U/mL, followed by 25 g/L (37.17 U/mL), 10 g/L (36.42 U/mL), 15 g/L (36.22 U/mL) and 5 g/L (32.97 U/mL). Table 5 shows the kinetic parameter values of P. pentosaceusC4/1A cultivations using the different concentration of yeast extract. Highest cell concentration obtained was 7.188 g/L. The cell growth does not correlate when the nitrogen source increases in the fermentation as it causes inhibition of growth. Besides, the highest productivity (3.62 U/mL/h) was achieved in 15 g/L of yeast extract in the medium. 
Optimization of Sodium Phytate
The addition of sodium phytate as a phosphate source in medium helps the process of phytate hydrolysis (Palacios et al., 2008) . Maximum phytase production of 27.42 U/mL was observed in 5 g/L concentration of sodium phytate. However, the higher the concentration of sodium phytate used the production of phytase decreases as shown in Table 6 . As for the growth yield, Yx/s, in the concentration of 10 g/L, sodium phytate was consumed more for the cell growth rather than phytase biosynthesis. This increases the cell concentration of 5.71 g/L compared to others. The concentration of phytate is an important factor which determines the phytase biosynthesis. The higher the concentration of phytate, more cations are prone to chelation and prevents the metabolism of an organism (Maga, 1982; Soni and Khire, 2007). 
Optimization of Inoculum Size
Production of the enzyme in fermentation process depends on the size of inoculum being used. In this study, 4%, 5%, 10%, 15% as 20% (v/v) of inoculum were used. Overall, 5% of inoculum has achieved the highest production of phytase (25.20 U/mL) as shown in Table 7 . As inoculum size increases, production of phytase decreases due to the nutrient limitation which results in higher biomass production, hence, decreasing the metabolic activity. Production of phytase and cell biomass according to this study indicates a strong non-growth associated phytase production which does not show correlation with inoculum size. Where Y is enzyme activity (U/mL); A is inoculum size (%); B is substrate (g/L); C is yeast extract (g/L); D is glucose (g/L). According to the experimental design used, the result was analyzed by using analysis of variance (ANOVA). Several criteria can be used to check the goodness of the model. The value of R 2 was 0.9917 for phytase production which explains that 99% of variation is explained by the model. The value of R 2 that is closer to 1.0 indicates the stronger and suitability of the model. The correlation coefficient (predicted R 2 ) has the value of 0.9509. This indicates that 95% of experimental data was compatible with predicted data by the model. The value of adjusted R 2 (0.9840) determines the significance of the model. The model Fvalue of 128.62 implies the model is significant. Values of "prob> F" less than 0.0500 indicate model terms are significant. In this case A, B, A 2 , B 2 , C 2 , D 2 , AB, AC, AD, BC, BD and CD are significant model terms. Values greater than 0.1000 indicate the model terms are not significant. The "Lack of fit F-value" of 2.77 implies the Lack of fit is not significant relative to the pure error. The value of adequate precision greater than 4 is desirable whereby the ratio of 41.995 indicates an adequate signal. Validation of the experimental model was done by the statistical model by choosing the maximum production of phytase as the desired result. Highest production of phytase activity (42.3 U/mL) was achieved through validation of the model under the optimized conditions. During the optimization, phytase production has increased two-fold compared to the initial non-optimized conditions. It has shown improvement of 99.5 % from 21.25 U/mL to 42.3 U/mL. Figure 4 shows the three-dimensional surface of independent factors, inoculum size, substrate, yeast extract and glucose as a response to phytase production. The analysis indicates there are interactions between these four variables. Production of phytase can be maximized with the presence of independent variables where it appears to be significant model. However, phytase production was not favorable with the presence of yeast extract and glucose alone. This analysis depicts that, there is a need of interaction between independent variables to maximize the phytase production in two-fold.
Figure 4
Three-dimensional surface of independent factors.
Validation of analysis of variance from the experiment was done by the statistical model by choosing the maximum production of phytase as the desired result. Highest production of phytase activity (42.3 U/mL) was achieved from triplicate experiments through validation of the model under the optimized conditions as shown in Table 8 . During optimization, phytase production has increased twofold compared to the initial non-optimized conditions. It has showed improvement of 99.2% from 21.24 U/mL to 42.3 U/mL. It was the suitable concentration of medium formulation since the biosynthesis of phytase by P. pentosaceusC4/1A was at maximum. Media used during cultivation allowed the bacteria to grow well, helps in the energy metabolism and maintain the culture. The factors also play the role for the improvement of phytase production. 
Continuous Cultivation
In continuous cultivation, the rate of medium flow into the vessel is related to its culture volume as explained by the dilution rate (D)(h -1 ). It is defined as D = F/V, where F is the flow rate (mL/h) and V is the culture volume (mL). Fresh medium was fed continuously into the vessel for the formation of new biomass and it was balanced by the loss of cells out of the vessel simultaneously. At this point, steady-state could be achieved. Continuous cultivation undergoes exponential phase which will be prolonged throughout the period unlike batch cultivation (Myers et al., 2009c) . Productivity of phytase and cell concentration in Figure 5 was obtained during steady-state by using various dilution rates. Cell growth in the steady-state is maintained during cultivation and achieved when there is less fluctuation in nutrients. The flow of the fresh medium into the vessel equals the flow of the cells out of the vessel. As shown in Table 9 , the result for the productivity of phytase and cell concentration shows variation to all the four dilution rates used. As dilution rate increases until 0.3 h -1 , the enzyme production, and cell biomass reached its maximum level before it drops at dilution rate 0.4 h -1
. Specific growth rate of a culture usually determined by the dilution rate used (Tan, 2016b) . However, in this study, less productivity achieved at dilution rate 0.4 h -1 for phytase (4.16 U/mL/h) and cell concentration (0.399 g/L/h). It is when the fresh medium was added to the vessel and cells were removed from the vessel exceeds the maximum specific growth rate of P. pentosaceusC4/1A,which results in the decrease of cell biomass and enzyme production in the bioreactor. Eventually, the number of cells became zero at the end of cultivation. This study demonstrated that cultivation of P. pentosaceusC4/1A in 2L stirred tank bioreactor could improve the productivity of phytase for mass production. The optimized medium formulation was applied in batch cultivation and continuous cultivation mainly to obtain high productivity of phytase. Biosynthesis of phytase has increased by 89.3% from shake-flask experiment to 2L bioreactor. Whereas in continuous cultivation, highest productivity of enzyme was achieved at a dilution rate of 0.3 h -1 which resulted in 8.652 U/mL/h where it increases up to almost 100% compared to shake-flask culture.
CONCLUSION
Results from this study have demonstrated that LAB was able to grow well on MRS medium and produce phytase. The highest phytase was produced by P. PentosaceusC4/1A using modified MRS medium. RSM was used as a statistical tool to improve the biosynthesis of phytase with the combination of inoculum size (10%), sodium phytate (11.8 g/L), yeast extract (17.2 g/L) and glucose (16.2 g/L). Higher productivity of phytase was achieved (8.652 U/mL/h) by P. PentosaceusC4/1A using continuous cultivation in 2L stirred tank bioreactor with dilution rate on 0. 
